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Abstract 
To investigate the effects of nutritional components and initial pH on chitinase and chitin deacetylase production by 
thermophilic Paenibacillus sp. Hul, and provide basis for fermentation of enzymes and preparation of chito-
oligosaccharides. The shake flask culture was employed to research the culture conditions of thermophilic 
Paenibacillus sp. Hu1 for producing chitinase and chitin deacetylase. The results show that the optimal carbon source 
was chitin powder with 35g/L; while yeast extract power was the optimal nitrogen source with 10g/L. It was 
beneficial to synthesize chitinase and chitin deacetylase when the initial pH was 6.0. In addition, the synthesis of 
chitinase and chitin deacetylase was inhibited by Cu2+, and activated by Ca2+. However, Mg2+ and Zn2+ did not show 
significant inhibitory or activation effects on the synthesis of the two enzymes. The hydrolysate components were 
analyzed using chitin as substrate with the crude enzyme, and the result suggested that enzymatic hydrolysates were 
mainly centralized in chito-oligosaccharides with polymerization number less than hexaose. 
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1.Introduction  
Chitin is natural alkali polysaccharides connected by 2-deoxidation-acetamido-D-glucan with ȕ-1,4-
links, which widely exist in shell of shrimp, crab and cell wall of fungus and algae, its contents in natural 
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macromolecular compound are only next to cellulose [1-3]. Due to the large relative molecular and poor 
solubility, chitin is difficult to be absorbed by human body, so its application is constrained greatly, 
becoming a major source of organic pollution in the seashore of China. However, its derivatives, low 
molecular weight chito-oligosaccharide with activity of resisting oxidation, immunity strengthening is 
helpful for treating AIDS, cancer, heart and blood disease, also applicable to food, medicine and make-up 
products[4-6]. Product of Chito-oligosaccharid by enzyme method mainly rely on chitinase and chitin 
deacetylase, which can be directly obtained by fermentation of microorganism, however, there are few of 
bacterial strain of such enzymes with high yield, particularly no report about bacterial strain to produce 
chitinase and chitin deacetylase in the process of cultivation. Therefore, it is limited in producing chito-
oligosaccharid with enzyme hydrolysis. In addition, thermostable enzymes are advantageous in some 
applications, because higher processing temperatures can be employed, resulting in faster reaction rates, 
increase in the solubility of nongaseous reactant and products, and reduced incidence of microbial 
contamination by mesophilic organisms[7-8]. As a result, scientists have focused their attention to 
microorganisms capable of living under extreme environment in the course of evolution, such as hot 
spring and geothermal areas [9]. 
In the present study, thermophilic Paenibacillus sp. Hu1, which isolated from a soil sample collected 
from hot spring of XinJiang Province, China, can produce chitinase and chitin deacetylase in high yield 
(grow up at 46 oC). However, up to now, it is unclear of the impact of the fermentation condition on its 
production of enzymes. Here we report our recent progress on effect of nutritional components and initial 
pH on synthesis of chitinase and chitin deacetzlase from thermophilic Paenibacillus sp. Hu1, and also 
analysis on enzyme hydrolysate. 
2. Materials and methods 
2.1.Strain  
Thermophilic Paenibacillus sp. Hu1 with high chitinase and chitin deacetzlase production was isolated 
from soil samples collected from hot spring in XinJiang Province, China. The strain was maintained at 
45oC on double-layer medium. Up-layer medium contain (g/L): chitin 8.0, bacto agar 15.0. Down-layer 
medium contain (g/L): KH2PO4 5.0, MgSO4·7H2O 4.0, NaCl 5.0, CaCl2·2H2O 0.5, NH4Cl 5.0, peptone 
5.0, yeast extract 10.0, FeCl2·4H2O 0.005. After 48 h of incubation, the plates were kept at 4oC, and 
thereafter sub-cultured every 60d, or at í18oC as glycerol stock solutions (30-40%, v/v) for long-term 
maintenance. 
2.2. Culture conditions 
The cultivation was performed with 500 ml Erlenmeyer flask containing 150ml of different 
composition medium and the culture was allowed to grow at 46oC for 72 h on a rotary shaker (180 rpm). 
2.3.Chitinase activities assay 
Chitinase activities were measured with colloidal chitin as substrate. Colloidal chitin 1% (w/v) was 
prepared and modified according to the method [10]: 1g chitin powder was added slowly to 20 ml of 
concentrated HCl and left at 4oC overnight with vigorous stirring. The mixture was then added to 200 ml 
of ice-cold 95% ethanol with rapid stirring and kept overnight at 4oC. The precipitate was collected by 
centrifugation at 5,000×g for 20 min at 4oC and then washed with sterile distilled water until the colloidal 
chitin became neutral (pH 7.0).  
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The culture solution was centrifuged at 14,000×g for 30 min at a cool temperature of 4°C. The 
supernatant was assayed for chitinase activity as the following. The reaction mixture consisted of 1ml 1% 
(w/v) colloidal chitin and 1ml supernatant. After incubation at 60oC for 45 min, the reaction was stopped 
by heating in boiling water for 20 min. Then the mixture was centrifuged immediately at 10,000×g for 5 
min. The supernatant was used for reduced sugar analysis using the dinitrosalicylic acid (DNS) method. 
One unit (U) of chitinase activity was defined as the amount of enzyme required to release 1ȝmol 
GlcNAc per minute under the above mentioned conditions [11]. 
2.4. Chitin deacetylase activity assay  
For the determination of chitin deacetylase activity we have employed Gas chromatography˄GC˅
assay using colloidal chitin as substrate. The substrate and the culture solution were prepared according to 
Chitinase activity assays. The reaction mixture consisted of 1ml 1% (w/v) colloidal chitin and 1ml culture 
solution supernatant. After incubation at 46oC for 6 h, then the mixture was centrifuged immediately at 
10,000×g for 5min. The supernatant was used for the determination of acetate re-leased. The acetate re-
leased was analyzed by a GC using a Hewlett–Packard 6890 apparatus equipped with a flame ionization 
detector (FID) and an electronic pressure control (EPC) injector. A HP-Innowax capillary column 
(30m×0.25mm×0.25ȝm) was usedˈthe flow of the carrier gas (N2, U) was 0.67ml/min. Oven, injector 
and detector temperature were held, respectively, at 180 oC, 200oC and 220oC. One unit (U) of chitin 
deacetylase activity was defined as the amount of enzyme required to release 1ȝmol acetate per minute 
under the above mentioned conditions [12]. 
2.5.Analysis of hydrolysate components  
The culture solution was centrifuged at 14,000×g for 30 min at a cool temperature of 4°C. The 
supernatant was brought to 80% saturation with solid ammonium sulfate and left standing overnight at 
4oC. The precipitate was collected by centrifugation at 12,000×g for 20 min, re-dissolved in 50mM pH 
7.0 sodium-acetate buffer. The solution was dialyzed for removal of ammonium sulfate in the same buffer 
for 12 h at 4oC. The dialyzed sample was add into 5% chitin, after being stirred evenly, put into 60oC 
water bath pot to undertake vibration reaction for 12h. 
3 μl enzyme hydrolyzate (6h and 12h), crude enzyme solution, initial reaction solution and 
(C6H11NO4)6 was applied on the preheated silica gel plate, then separate it with the developing agent 
(Ethyl acetate:alcohol:water: ammonia water(V/V/V)=5:5.4:0.3). After complete, dry it at 90oC and spray 
color developing agent (0.5% Ninhydrin solution). 
3. Results and discussion  
3.1. Effects of carbon sources on enzymes production  
To enhance the production of chitinase and chitin deacetylase, optimal carbon source are undoubtedly 
of great significance. Therefore, the comparative study of enzymes production by Paenibacillus sp. Hu1 
during liquid cultivation in media containing different carbon source was conducted. Chitin powder, 
colloidal chitin, chitosan, CMC-Na, cellulose, glucose and soluble starch were chosen as carbon at 
concentrations of 10g/L. The production profiles of chitinase and chitin deacetylase activity in a liquid 
culture are depicted in Fig.1. Chitinase and chitin deacetylase activity varied markedly in a range of 0-
0.78 U/ml and 0-0.25 U/ml respectively. No or very low enzyme activity was founded when cellulose, 
soluble starch, CMC-Na, chitosan, glucose and NAG were used as carbon sources. The maximal chitinase 
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and chitin deacetylase activity was found when chitin power was applied. Relative high chitinase and 
chitin deacetylase activity production was found when colloidal chitin was applied. This confirms 
earlierreports, where it has been observed that chitinase and chitin deacetylase is inductive enzyme, and 
must have chitin or derivatives, otherwise no induction occurs [13-14]. When chitin powder is used as 
carbon source, in our experiment, maximum enzymes activity can be produced. This result is different 
from the report that maximum enzyme may be produced when some microorganisms use colloidal chitin 
as carbon source [15]. Colloidal chitin is complicated to be processed, direct application of chitin as 
carbon source is preferable in industrial production.  
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Figure 1. Effects of carbon source on enzyme production from thermophilic Paenibacillus sp. Hul 
To assess the influence of carbon source concentration on chitinase and chitin deacetylase production, 
a batch fermentation was performed with the concentration of chitin power at 10, 15, 2.0, 25, 30, 35, 40, 
45 and 50 g/L. As shown in Fig.2, The chitinase and chitin deacetylase production were high at 30-40 g/L, 
but low production in the ranges of 10-30g/L and 45-50g/L, respectively. The optimum concentration of 
carbon source was 35g/L. 
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Figure 2. Effects of chitin concentration on enzyme production from thermophilic Paenibacillus sp. Hul 
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3.2.Effects of nitrogen sources on enzymes production  
In order to study the effect of nitrogen sources on enzymes production, cultivations were performed 
with 5 g/L various organic nitrogen (beef extract, peptone, yeast extract) and inorganic (NaNO3, urea, 
(NH4)2SO4) of nitrogenous sources. Fig.3 illustrates the effect of various nitrogenous sources on enzymes 
production by Paenibacillus sp. Hu1. Sodium nitrate gave the lowest level of enzymes production when 
tested as nitrogen source. Maximal chitinase and chitin deacetylase production of about 1.85 U/ml and 
0.51 U/ml respectively were obtained with yeast extract as nitrogen source. Chitinase and chitin 
deacetylase production can also be influenced by the nitrogen concentration in the culture medium. To 
investigate the optimal nitrogen concentration on enzymes production, yeast extract were added into the 
cultivation at 3, 5, 10, 15, 20 and 25 g/L respectively. As shown in Fig.4, yeast extract increases chitinase 
and chitin deacetylase production but only up to a certain concentration (10 g/L). Further increase of yeast 
extract concentration results in a decrease in production. Hence, 10 g/L yeast extract was used in the final 
medium. 
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Figure 3. Effects of nitrogenous sources on enzyme production from thermophilic Paenibacillus sp. Hul 
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Figure 4. Effects of yeast extract concentration on enzyme production from thermophilic Paenibacillus sp. Hul 
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3.3. Effects of initial pH on enzymes production  
The pH of the fermentation environment is a critical factor found to affect both cell growth and 
metabolite biosynthesis. Although the exact relationship of pH to metabolite production is still not clear, 
some elementary tests were carried out to find the pH capable of supporting high enzymes synthesis [16]. 
The effect of various initial pH values in the range of 5.0-9.0 was investigated. As shown in Fig.5, the 
maximum yield of chitinase activity (1.94 U/ml) and chitin deacetylase activity (0.57 U/ml) was produced 
when the initial pH of culture medium was 6.0. The initial pH is too high or low, the synthesis of 
chitinase and chitin deacetylase may be restrained. Thus, a pH of 6.0 was selected for all subsequent 
fermentation media optimization trials. It is similar to the most applicable pH value of pure chitinase 
produced by Paenibacillus sp. Hul. However, such pH value is different from the in initial pH of 
producing enzyme by bacterial reported in other papers [17-18]. 
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Figure 5. Effects of initial pH on enzyme production from thermophilic Paenibacillus sp. Hul 
3.4.Effects of divalent metal ions on enzymes production  
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Figure 6. Effect of divalent metal ions on production of enzymes from thermophilic Paenibacillus sp. Hul 
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In order to investigate the effects of different divalent metal ions on chitinase and chitin deacetylase 
production, the reference media were enriched with additions of MgSO4, CaCl2, ZnSO4, CuSO4 at final 
concentration of 2, 4, 6, 8 and 10 μmol/ml respectively. The effect of divalent metal ions on enzymes 
production were shown in Fig.6. CaCl2 enhanced enzymes synthesis if used separately with the increasing 
of its concentration. The highest CaCl2 concentration (10 μmol/ml) had an activation effect resulting in 
chitinase and chitin deacetylase activity of 115% and 119% as compared with the control. The presence 
of CuSO4 at more than 4 μmol/ml would inhibited these chitinase and chitin deacetylase synthesis. The 
other components (MgSO4, ZnSO4) at the given concentrations did not influence the enzyme synthesis 
very much. 
3.5.Analysis of hydrolysate components 
 
Figure 7. TLC analysis of enzymatic hydrolysates (1-6 for enzyme hydrolyzate(0h), (C6H11NO4)6, enzyme hydrolyzate (6h)ǃ
enzyme hydrolyzate (12h)ǃcrude enzyme solution chitin) 
Chitin oligosaccharides are one of the degradations of chitin, have been of interest in the past few 
decades due to their broad range of medical, agricultural and industrial applications. This potential is 
associated with its characteristics being reported as antibacterial, antifungal, hypercholesterolemia, 
antihypertensive, antitumor agents and elicitors, as food quality enhancer [19]. They have historically been 
produced by acid hydrolysis of chitin with concentrated HCl at high temperature (above 80oC). However, 
the production of these Chitin oligosaccharides by chemical process causes many problems, such as a 
large amount of short-chain oligosaccharides produced, low yields of oligosaccharides, high cost in 
separation, and also environmental pollution. Therefore, the focus has shifted to enzymatic hydrolysis as a 
more appropriate method of chitin oligosaccharides production from chitin recently. 
In present experiment, Thin-Layer Chromatography (TLC) was use as analyzing chitin 
oligosaccharides hydrolyzed by crude enzyme from Paenibacillus sp. Hul. TLC can directly reflect the 
process of hydrolysis reaction and determine the distribution of hydrolysates. Enzymatic hydrolysates 
with different chain lengths are displayed on silica gel plate in form of red point. The TCL of Enzymatic 
hydrolysates were shown in Fig.7. With the extension of enzyme hydrolysis time, these spots on Silica 
gel plate formed by enzymatic hydrolysates will be deepened, which indicated the chitin of large relative 
molecular on the decrease and the enzymatic hydrolysates of low relative molecular on the increase. At 
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the same time, the poor solubility of reaction substrate was improved. Compared with the standard chito-
oligosaccharide, enzymatic hydrolysates were mainly centralized in chito-oligosaccharides with small 
molecules and its polymerization number less than hexaose. 
4. ˟onclusions  
This study was conducted to investigate the effect of nutritional components (carbon source, nitrogen 
source, and the mineral elements) and initial pH on the chitinase and chitin deacetylase synthesis by a 
newly screened strain, thermophilic Paenibacillus sp. Hu1, selected from the hot spring area of Xinjiang 
province, china. From a series experiments, the best carbon source and nitrogen source were chitin 
powder with 3.5% and yeast extract respectively. Initial pH was 6.0 was beneficial to synthesize chitinase 
and chitin deacetzlase. In addition, the synthesis of chitinase and chitin deacetzlase was inhibited by Cu2+, 
activated by Ca2+, whereas Mg2+, Zn2+ did not show significant inhibitory effects. On the optimal 
nutritional components, the maximal chitinase and chitin deacetylase production were 2.24 U/ml and 0.68 
U/ml respectively. It was interesting for us that the chitinase and chitin deacetylase from thermophilic 
Paenibacillus sp. Hu1 have the similar enzyme synthesis process. Therefore, the chitinase and chitin 
deacetzlase may be one enzyme albumen with double enzyme activity. However, it must be confirmed by 
studying the purification and characteristics of chitinase and chitin deacetylase. 
Based on the analysis on hydrolysates of crude enzyme, enzymatic hydrolysates were mainly 
centralized in chito-oligosaccharides with polymerization number less than hexaose. Meanwhile, the 
process preparing chito-oligosaccharide with crude enzyme is simple, which prepares a good basis for 
further developing health care product, biological pesticides, feed additive and food additive. 
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